Radiotherapy is associated with several undesired side effects, such as rampant radiation caries. The aim of this study was to evaluate the effect of ionizing radiation on the development of carious lesions using a bacterial system in vitro. Fifteen sound human molars were selected and sectioned into buccal (A, control) and lingual (B, irradiated) dental fragments, which were considered dependent. Group B was submitted to radiotherapy according to the protocol for head and neck oncological treatment. The two groups were exposed to a cariogenic challenge using a bacterial system with S. mutans for 10, 20 and 30 days (n = 5). The variabels depth, extension and area for lesions formed at the enamel-dentin junction were measured by software coupled with light microscopy. Optical coherence tomography (OCT) was used to visualize the morphological characteristics of the lesions. Only the 20-day period of culture immersion for caries development resulted in signifi cantly better lesion comparisons, by light microscopy. Of the three lesion dimensions analyzed, lesion depth (lD) differed statistically between groups A and B (p = 0.013). Analysis using OCT allowed the visualization of carious lesions without showing the carious layers. Within the limitations of this study, we can conclude that radiation treatment of sound teeth before a cariogenic challenge in vitro causes deeper carious lesions than in those teeth not subjected to radiation treatment. Dental Caries; Head and Neck Neoplasms; Radiotherapy; Streptococcus mutans.
IntroductIon
Cancer is one of the major health problems in the world. In Brazil, the National Cancer Institute estimates that there were 14,170 new cases in 2012, with 9,990 men and 4,180 women being diagnosed.
In 2009, 6,510 deaths occurred due to oral cancer. 1 Radiotherapy is often used in palliative or curative treatment of malignancies, since this method is capable of destroying tumor cells using ionizing radiation beams. The total radiation dose to be used is usually split into equal daily doses in order to guarantee tissue tolerance; this way, the biological effect reaches the largest number of neoplastic cells.
Many patients with head and neck cancer are exposed to high doses of radiotherapy in extensive fields of radiation that include the oral cavity, maxilla, mandible and salivary glands. Radiotherapy preserves the tissue structure but causes adverse reactions that appear in the oral cavity. 2, 3 The severity of these reactions depends on the volume and radiation location, total dose, fractionation, age, clinical conditions of the patient and associated treatments. These reactions can occur in the acute phase (during or within the first weeks of treatment) or in the chronic phase (months or years after the radiotherapy), and include the following conditions:
• Rampant caries from radiation is a common and important complication 4,3 of treatment and usually develops at the cervical level of the tooth, starting at the labial surface and moving sequentially to the lingual surface in a chronic process.
The change usually occurs without painful symptoms because of loss of pulpal sensitivity. These lesions are observed in anterior and posterior teeth, which may develop four weeks after completion of radiotherapy or 3-6 months after the beginning of treatment. 4, 8, 9 The multifactorial disease termed radiation caries is not well-defined by the literature, 4, 7 nor by its histological features. Several authors suggest that radiation caries occurs due to pH changes caused by a decrease in oral salivary flow because of salivary gland damage from treatment of head and neck cancer. 4, 5, 6, 2, 9, 10 Others, such as Poyton 11 and Anneroth et al., 12 suggest that these lesions are caused by changes in the crystalline structure of hard tissues as a consequence of direct radiation to the teeth. Franzel and Gerlach 13 concluded that enamel and dentin are strongly affected by high and low energy irradiation, and, consequently, that the mechanical properties of the enamel are damaged by cancer radiation treatment.
Considering the small number of studies about this topic and the disagreement in the literature about the role of radiotherapy in radiation caries, the aim of this study was to evaluate the hypothesis that radiotherapy is able to increase the caries risk of human teeth subjected to a cariogenic challenge, using a bacterial method in vitro.
objectIve
The aim of this study was to evaluate, in vitro, the effect of ionizing radiation on the development of carious lesions using a bacterial system.
MaterIals and Methods
Fifteen extracted, non-erupted human third molars without previous lesions or visible enamel defects were stored in distilled water at 4°C. Approval by the Ethics Committee, School of Dentistry, University of São Paulo was obtained. After the apical 2/3 of the roots had been removed, the teeth were sectioned with double-faced diamond discs (Discoflex, KG Sorensen, Cotia, SP, Brazil) into two 300 ml of TSB with 5% sucrose and 3 ml of the inoculum broth, and were maintained in this bacterial system and transferred to a fresh tube every 24 h. During the incubation period, tests were performed to check for contaminants. After 10, 20 and 30 days, the groups were removed from each bacterial system and cleaned.
Optical coherence tomography (OCT; OCP-930SR, Thorlabs, Newton, New Jersey, USA) was used to visualize the morphological characteristics of the lesions. 16, 17, 18 In this study, OCT was used in order to detect alterations of the tissues optical properties and for qualitative analysis of the carious lesions at the enamel-dentin junction.
After OCT analysis, each specimen was embed- • lesion extension (lE), from the external lesion margin to the opposite margin at the enameldentin junction;
• lesion depth (lD), from the enamel-dentin junction to the deepest point of the lesion in dentin;
• lesion area (lA), calculated using the software's "calculated area" tool, based on the selected area of the lesion.
The data were subjected to statistical analysis using Student's t-test for pairwise comparisons of each period of cariogenic challenge (p < 0.05).
fragments:
• buccal (A, control) and • lingual (B, irradiated).
Group B was submitted to radiotherapy according to the protocol for head and neck oncological treatment. The dental fragments from groups A and B were paired, and all of them were cleaned with an aqueous slurry of pumice and anionic detergent. to a low spreading coefficient. In this study, the image taken with OCT allowed observation of the demineralization depth of the area exposed to the cariogenic challenge on enamel and/or dentin and of the enamel-dentin junction ( Figure 1A ), corresponding to the transverse area delineated by a homogeneous whitish stripe that runs continuously on the healthy enamel. The healthy dentin exhibited a similar whitish stripe that was less homogeneous than that of the enamel, but had a clearer surface boundary. Enamel and dentin displayed distinct spreading characteristics in the OCT images. The tissue struc- tures with carious lesions showed a whitish stripe deeper than did the healthy teeth ( Figure 1B ).
Through the light microscopy analysis ( Figure   2A and 2B), it was possible to make comparisons between the carious lesions of both groups studied, irradiated and non-irradiated teeth. The data are presented in Table 1 that these lesions occur owing to modifications of the crystalline structure of hard tissues as a consequence of the direct action of radiation to the teeth.
Others 5 claim that both hyposalivation and direct radiation make the teeth more susceptible to decalcification and affect the development of radiation caries. We agree with Springer et al. 7 and Aguiar et al. 4 that both generic caries and radiation caries should be treated as a multifactorial disease, i. e., in addition to the changes in the dental tissues, the salivation decrease might also favor lesion development, in addition to other modifying factors, such as food diet, social conditions, education, and others. 2 In this in vitro study, a comparison of the size of the carious lesions in the control group and in the irradiated group was made. After subjecting both tooth groups to the same bacterial cariogenic challenge, the irradiated tooth lesions were found to be deeper than those on non-irradiated teeth. However, the literature does not contain conclusive consider- Different letters in the same row indicate statistically significant differences analyzed using the paired t test for each factor (α < 0.05). ations regarding the effect of radiation alone on dental tissues, except for histological changes demonstrated by chromatography analysis on pulp tissue according to Springer et al. 7 These findings may offer an additional explanation for the great incidence of carious lesions in irradiated patients, mainly in the cervical region of the teeth at the enamel-dentin junction, since pain sensitivity may be modified due to histological changes of pulp tissue.
The irradiation protocol adopted in this study was calculated by a physicist operating the equipment in such a way that all teeth received the same radiation dose. The dental fragments received 2 Gy of radiation per day, and, over 35 days, the fragments received a total of 70 Gy, which represents the maximum radiation that a patient receives during radiotherapy treatment of the head and neck.
Because OCT images did not have good contour The analysis method initially adopted using optical coherence tomography (OCT) was not conclusive because it was difficult to observe the differences among the carious lesions, probably because the images of the lesions appeared somewhat tenuous and, for this reason, were not clear enough to make a comparison. Due to these difficulties of interpretation, common light microscopy analysis associated with the measurements of the carious lesions was added to this study in order to obtain quantitative data that enabled a more objective comparison.
We considered that this result pointed indirectly to a tissue alteration because the saliva factor and other modifying factors, such as socioeconomic and cultural factors, are not present in this case. 2 The result is in accordance with that of Springer et al. 7 that verified that a total dose of 31.5 Gy of radiation would be sufficient to damage the collagen fibers present in dentin, enamel and pulp tissues of human third molars using chromatographic analysis. The extension of the lesion was similar for all groups because it depends directly on the contact of the bacterial biofilm present on the exposed enamel and dentin area, which had the same dimensions in all specimens. Although the depth of the lesions was statistically higher in irradiated teeth than in non-irradiated teeth in the 20-day cariogenic challenge group, the area of the lesions did not differ significantly between the groups. This difference can be explained by the small sample size of each group and by the high standard deviation of the lesion extension measurements, since the calculation of area used extension versus depth. The depth measurements, in contrast, exhibited a low standard deviation; for this reason they showed a clear difference between non-irradiated and irradiated teeth. The tooth crown location chosen for development of the lesions was the region of the enamel-dentin junction because previous studies showed a great clinical incidence of carious lesions in this dental area in irradiated head and neck pa-tients. 9 The collagen fibers, more present in dentin than in enamel, could have suffered alterations due to the radiation-enabled progression of the lesion in the direction of the pulp, since it has been
shown that collagen fibers present in dental pulp 19 undergo histological modification after radiation treatment, which may change pain sensitivity and favor a higher incidence and larger development of caries lesions in patients. This interpretation leads indirectly to the conclusion that the ionizing radiation used for oncological head and neck treatment can induce tissue alterations in enamel and/or dentin that facilitate the development of dental caries;
however, more studies are needed to analyze irradiated tissues. references
